The effectiveness of aromatic o-diamines as chromogenic reagents for Pt II determination in aqueous micellar solutions has been reported. 1 It is believed that complexation of the Pt II ion with these ligands is accompanied by a unique redox reaction of the Pt II complexes (Scheme 1). These complexes exhibit peculiar and huge absorption having a molar absorptivity (ε >10 4 to 10 5 l mol -1 cm -1 ) in the near-infrared (NIR) region of 700 to 900 nm when they are incorporated into a hydrophobic environment, for example, surfactant micelles. Since in the NIR region background noise is minimized, this spectrally transparent region is favorable for spectroscopic use. The NIRabsorbing Pt II -diamine complexes are neutral species having a bi-radical quinonediimine structure, 1 which is responsible for a low-energy intraligand π-π* transition speculated based on molecular-orbital calculations. 2, 3 A few studies on Pt II determination with 1,2-diaminobenzene derivatives have been reported, 1, [4] [5] [6] while no reports for the naphthalene derivatives have been presented.
On the other hand, it is well known that 2,3-diaminonaphthalene (DAN, Fig. 1 ) specifically reacts only with the Se IV ion (not Se VI ) to form a fluorescent compound, socalled "piazselenol", in acidic aqueous solutions. 7 A large number of studies with DAN have been performed to optimize the separation-concentration extraction methods with various organic solvents after piazselenol derivatization to bring the concentration of the fluorescent species within the working range of the method. If reactions of DAN with Pt II and Se IV ions can be carried out in a surfactant micellar solution, successive detections of both ions are achievable by NIR spectrophotometry and fluorometry.
The fact that DAN has two active amino groups sensitive to air and light has restricted the practicability. To minimize this disadvantage, 1,4-dibromo-2,3-diaminonaphthalene (Br2DAN, Fig. 1 ) having electron-withdrawing substituents (bromo groups) has been prepared. In this report, the facile method for preparing Br2DAN and the conditions required to design successive determinations of Pt II and Se IV ions are examined.
Subsequently, a method successfully developed in cationic micellar solutions is very compatible for both ions in terms of reactions with Br2DAN and the spectroscopic properties of their complexes.
The effectiveness of the co-administration of the selenium compounds (sodium selenite or 2-phenyl-1,2-benzisoselenazol-3(2H)-one (ebselen)) as chemoprotectors, to reduce the toxic side effects of a cisplatin-type drug, CDDP (Fig. 1) , 8 at no sacrifice to sufficient antitumor activity has been reported. 9, 10 If selenium compounds appear on the clinical scene, the development of facile, rapid, and sensitive monitoring systems for both platinum and selenium will be urgently demanded.
Experimental

Apparatus
All spectral measurements were made on a Hitachi U-2000A spectrophotometer, a JASCO V-570 UV/VIS/NIR spectrophotometer, and an AMINCO ® -Bowman Series 2 luminescence spectrometer, respectively.
Elemental analysis and mass spectrometry were conducted in the Microanalytical Room of the Institute for Chemical Reaction Science and the Central Analytical Center in the Graduate School of Pharmacy, respectively, in Tohoku University.
1 H NMR measurements in dimethylsulfoxide-d6 solvent were performed using a Bruker DPX-400 and DRX-500.
Reagents
Standard solutions of Pt II and Se IV ions at 10 mmol l -1 were prepared from potassium tetrachloroplatinate(II) (Nacalai Tesque, Kyoto, Japan) and selenium dioxide (Wako Pure Chemicals, Osaka, Japan) in 0.01 mol l -1 hydrochloric acid, respectively. Working solutions were obtained by further dilution of these solutions.
The synthesis of Br2DAN under room light was as follows. First, 0.79 g (5 mmol) of DAN (Tokyo Kasei Kogyo, Tokyo, Japan) was dissolved in 30 ml glacial acetic acid in a 100 ml beaker. Then, 60 ml of a glacial acetic acid solution of Nbromosuccinimide (NBS, Wako Pure Chemicals, Osaka, Japan) 1.87 g (10.5 mmol) was slowly added dropwise under vigorous stirring at room temperature with a dropping funnel for ca. 9 h. The mixture was poured into 100 ml of doubly distilled water, and neutralized with 100 ml of a 30% (m/m) sodium hydroxide aqueous solution. After filtration, the precipitate was washed with doubly distilled water, and dried in a desiccator under reduced pressure. Crude Br2DAN was purified by column chromatography on a Silica-60 (Kanto Chemicals, Tokyo, Japan) column with an eluent of 83% toluene, 15% acetonitrile and 2% triethylamine (v/v/v), as described by Johansson et al. , and IDA (iminodiacetic acid) were purchased from Dojindo Lab. (Kumamoto, Japan). The surfactants used were cetyltrimethylammonium bromide (CTAB, Tokyo Kasei Kogyo, Tokyo, Japan), Zephiramine ® (tetradecyldimethylbenzyl-ammonium chloride, Dojindo Lab., Kumamoto, Japan), Triton X-100 (polyethylene glycol mono-pisooctylphenyl ether (n 10), Nacalai Tesque, Kyoto, Japan), PONPE 20 (polyethylene glycol mono-4-nonylphenyl ether (n 20), Tokyo Kasei Kogyo, Tokyo, Japan), Brij 35 (polyoxyethylene (23) lauryl ether, Wako Pure Chemicals, Osaka, Japan), and SDS (sodium dodecyl sulfate, Nacalai Tesque, Kyoto, Japan).
Analytical procedure
First, 2.5 ml of a sample solution containing a certain concentration of Pt II and Se IV ions, 2 ml of a 1 mol l -1 hydrobromic acid, and 2.5 ml of the Br2DAN solution were added into a 25 ml amber volumetric flask, and diluted to the mark with doubly distilled water. The solution was then transferred into a 30 ml amber screw vial, and heated for 20 min or 60 min on a boiling water bath for Pt II or Se IV determinations, respectively. After cooling to room temperature in an ice bath, the absorbance of the Pt II complex was measured at 800 nm, or the fluorescence intensity of the piazselenol was recorded at 604 nm with excitation at 386 nm.
Results and Discussion
Preparation of Br2DAN
Since handling bromine is dangerous and tedious, in this work the ligand Br2DAN was successfully prepared from DAN by a novel and facile method utilizing NBS in glacial acetic acid at room temperature. The purity of Br2DAN was confirmed by elemental analysis, 1 H-NMR, and mass spectrometry. After chromatographic purification, the total yield on a DAN basis was ca. 30%.
Previously, in view of the stability and complexation property, the effectiveness of Br2DAN for the determination of Se IV ion was reported. 11, 12 Compared with DAN, Br2DAN and its piazselenol derivative were more stable to oxidation by air under light. This stability occurs because the electron density of nitrogen atoms on amino groups is depleted by bromine groups added on DAN. The solution of Br2DAN in 0.1 mol l -1 CTAC was stable for at least one month at room temperature while being stored in the dark.
Reactions and spectra (a) Near-infrared absorbing Pt II complex Complexation with Pt II ion ([HBr] = 0.08 mol l -1 ) in a CTAC micellar solution was completed after 15 min on a boiling water bath. The absorption spectrum is shown in Fig. 2(a) . A redshift of the absorption maximum of the Pt II -Br2DAN complex at 800 nm from that of the DAN complex at 772 nm was observed. In such a longer wavelength region, no absorption due to the ligand was actually seen. In addition, the molar absorptivity (ε) at 800 nm was 1.2 × 10 5 l mol -1 cm -1 in a 1.6 × 10 -2 mol l -1 CTAC solution. This great ε value is comparable to that of the Pt II -1,2-diamino-3,5-dibromobenzene system. 1 However, further heating gave rise to a gradual decrease in the absorbance, suggesting that over-oxidation of the neutral complex took place (Scheme 1). 1 (b) Fluorescent Se IV complex 860 ANALYTICAL SCIENCES JULY 2001, VOL. 17
The excitation and emission spectra of 4,7-dibromo-5,6-benzopiazselenol (Se-Br2DAN) are shown Fig. 2(b) .
As compared with 5,6-benzopiazselenol (Se-DAN), the relative fluorescence intensity of Se-Br2DAN decreased, as expected, owing to the heavy-atom effect of bromine. The red-shifted spectra of the piazselenols of DAN and Br2DAN from 582 nm to 604 nm, respectively (Fig. 2(b) ), actually enhanced the signalto-noise ratio (S/N) of the Br2DAN system, which guaranteed the low detection limit for Se IV ion, even when using Br2DAN. In the case of DAN, the optimum pH range for the formation of the piazselenol is between 1 and 2. Judging from the smaller acid-dissociation constants of the amino groups on Br2DAN, it is expected that Br2DAN reacts with Se IV ion at a lower pH. The full derivatization of the Se IV ion into the piazselenol in aqueous CTAC micellar acidic solutions ([HBr] = 0.08 mol l -1 ) was achieved after 60 min on a boiling water bath. On the other hand, Johansson et al. reported that the reaction could be performed at 70˚C for 10 min in a strong acidic medium ([HBr] = 2 mol l -1 ). 11 The difference in the reaction time is most likely to be due to the different media used (homogeneous or microheterogeneous micellar systems).
Effects of hydrobromic acid
Actually, the exchange of bromo groups in the ligand (Br2DAN), its Pt II complex and piazselenol with chloride ion in solutions has been confirmed by gas chromatography-mass spectrometry (GC-MS) measurements. 11 The use of hydrobromic acid in place of hydrochloric acid for solution acidity control is expected to inhibit this substitution reaction. Also, hydrobromic acid has been proved to be a suitable prereduction reagent from Se VI to Se IV and a stabilization one of the Se IV state, providing a Br2/Br -redox couple which stabilizes the Se IV state.
11,12
Fortunately, as shown in Fig. 3 , the optimum hydrobromic acid concentration ranges for the complexation reactions of Pt II and Se IV ions with Br2DAN almost overlap each other.
The addition of hydroxylammonium sulfate was recommended by Johansson et al. to reduce possible interference caused by bromine. 11, 12 However, in the CTAC micellar system, the data given in Fig. 3 , curve B is dependent upon only the proton concentration, regardless of the presence of hydroxylamine, indicating no influence from Br2. In addition, it became clear in this study that in contrast to hydrochloric acid, hydrobromic acid plays an important role in stabilizing the NIR-absorbing Pt II complex. It is likely that the Br2/Br -redox couple is beneficial to such stabilization phenomena.
Effects of surfactant
Surfactant micelles are capable of solubilizing both the Pt II complex and the piazselenol, and providing a suitable hydrophobic environment for the formation of a neutral NIRabsorbing Pt II complex and for fluorescence sensitization of the piazselenol. In addition, surfactants seem to be environmentally benign in comparison with organic solvents.
An anionic surfactant, SDS, was ruled out, since a white precipitate was produced upon adding the Br2DAN solution. Among other cationic and non-ionic micellar systems, such as CTAB, CTAC, Zephiramine ® , Triton X-100, PONPE 20, and Brij 35, CTAC was most appropriate in view of the greatest enhancement of color development of the NIR-absorbing Pt II complex. Although the relatively low solubility of CTAB actually restricted easy handling, CTAC forms no CTAB precipitate in the presence of a large amount of Br -ion over a temperature of 15˚C. 
Interferences
To acquire access to routine clinical applications, we have investigated the influences from some principal metal ions, such as Cu II , Zn II , and Fe III ions, for the determinations of Pt II and Se IV ions. The concentration ranges of these metal ions were chosen in view of the levels in human serum samples (Table 1) . 13 Only Fe III ion at the normal serum level gave a negative error, whereas no interference from Cu II and Zn II ions in at least 4-fold excess to their average concentrations in human serum was observed. The addition of 50 µmol l -1 of EDTA was effective to mask the Fe III ion at 35 µmol l -1 (Fig. 4) .
Other polyaminocarboxylates, such as CyDTA and DTPA, similarly work well for masking. Under the conditions where Br2DAN was added in large excess, ca. 200-fold for a sum of the concentration of Pt II and Se IV ions ([Pt II ]:[Se IV ] = 1:1), no mutual interference between these ions was observed. With increasing the Pt II /Se IV ratio, however, the Pt II ion gave rise to a slight inhibition of piazselenol formation. This is most likely caused by the fact that Br2DAN reacts faster with the Pt II ion than the Se IV one.
Sensitivity
The 3σ detection limit for the Pt II ion obtained with Br2DAN was down to 1.2 ng ml -1 (= 6.0 nmol l -1 ), compared with that of the DAN complex, which was 3.4 ng ml -1 (= 17 nmol l -1 ) in an aqueous CTAC micellar solution. 14 The detection limits by atomic spectroscopic means, such as inductively coupled plasma atomic emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS), and graphite furnace atomic absorption spectrometry (GF-AAS), are 10 ng ml -1 , 0.005 ng ml -1 , and 1 ng ml -1 , respectively. 15 On the other hand, the detection limit for the Se IV ion with Br2DAN was 0.98 ng ml -1 (= 12 nmol l -1 ) (S/N = 3), which was considerably lower than that of the DAN system (44.6 ng ml -1 ) in aqueous media. 16 The extraction fluorometry with a large concentration factor has often been used for the Se-DAN system for the benefit of analytical sensitivity enhancement. 17 This is the case for the Se-Br2DAN system, where a detection limit of 0.6 ng g -1 for biological materials has been obtained with cyclohexane extraction. 12 The extraction method is of analytical significance only at a trade-off between the required sensitivity and the complicated procedures.
Although the concentration of platinum in blood, serum, and plasma is dependent on the dose method, the platinum concentration range in the fluids of patients medicated with CDDP is roughly estimated to be 0.1 -10 µg ml -1 . 18 In addition, it has been reported that the optimum dosage of Na2SeO3 in a molar ratio to platinum is 1 to 3.5 for mice. 19 The present method for successive quantitations of Pt II and Se IV ions is indeed practicable for clinical samples in terms of both sensitivity and simplicity.
Conclusion
It should be noted that 1,4-dibromo-2,3-diaminonaphthalene (Br2DAN) has become available by the mild and simple method established in this work. Working with aqueous CTAC micellar systems, without complicated extraction procedures, this ligand enables us to determine both Pt II and Se IV ions in the same sample under similar conditions, except for the heating time. It is found that using hydrobromic acid instead of hydrochloric acid stabilizes not only Br2DAN and the fluorescent Se IV complex, but also the NIR-absorbing Pt II complex, having a huge molar absorptivity of the order of 10 5 l mol -1 cm -1 . Consequently, the synergistic effects caused by introducing bromo groups into DAN and the addition of cationic surfactant with hydrobromic acid give novel and successive determinations of both these ions. The practical potentiality of this method will be further demonstrated in terms of trace detections of Pt II and Se IV ions in clinical samples, such as urine and serum, and will be expanded to bound-free speciation analyses of these ions in blood. 
